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AS-503!./504 REQUIREMENTS FOR THE RTCC: PREFLIGHT INFORMATION 

By Donald R.  S e l l e r s  

SUMMrnY 

This document present:; e. prel iminary d e f i n i t i o n  of t h e  p re f l igh t ,  

The information documented he re  a p p l i e s  only 
i n f x m t i o n  r equ i r ed  f o r  c?irect  support  of t h e  Real-Time Comguter 
Complex ( R T C C )  progrnm. 
t o  those  processors  formulated by t h e  Mission Analysis  Branch (M4B) f o r  
rr;issions AS-503A and AS-504. The processors  fo r  which p r e f l i g h t  i n fo r -  
mation has been def ined  inc lude  

1. Translunar I n j e c t i o n  Processor 

2. Midcourse Correct ion Processor 

3. Return-to-Earth Processor 

4. Reentry Processor  

Not included i n  t h i s  document are t h e  p r e f l i g h t  numbers a s s o c i a t e d  
wi th  Lunar Orbi t  I n s e r t i o n  Processor and t h e  S-IVI3 b r n  model, both of  
which are c u r r e n t l y  i n  the  process of  fornula t :  on. 

The t e x t  contains  a. complete desc r ip t ion  of t h e  aggregcte  and a 
d e f i n i t i v e  breakdown of t h e  q u a n t i t i e s  app l i cab le  t o  each processor .  
I t  i s  s t rong ly  empha5;ized t h a t  t h i s  d e f i n i t i o n  of t h e  p r e f l i g h t  i n f o r -  
mation is pre l iminary .  

INTRODUCTION 

This s e c t i o n  contains  a d e f i n i t i o n  and ana lys i s  of  t h e  RTCC pre- 
f l i g h t  information.  
d a t a  i s  broken down i n t o  four  m a i n  groupings.  

For c l a r i t y  and convenience, t h e  RTCC p r e f l i g h t  

Parameters.-  A parameter i s  def ined  as a quan t i ty  which v a r i e s  
during a launch window. The parameters def ined i n  t h i s  no te  a r e  func t ions  - 
o f  launch azimuth, i n j e c t i o n  opportuni ty ,  and launch day. Each para- 
meter, s i n c e  it i s  a funct ion of seve ra l  va r i ab le s  , i s  s t o r e d  i n  t a b l e -  
lookup form. The exact  number of numerical  q u a n t i t i e s  conta ined  i n  a 
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t a b l e  i s  e n t i r e l y  dependent on the  s e n s i t i v i t y  of t h e  parameters .  

Constants.-  A constant  is defined as a numerical  quan t i ty  which 
remains cons tan t  throughout a given launch window. 

Coef f i c i en t s . -  Seve ra l  polynomials are included i n  t h e  RTCC formu- 
l a t i o n  of t h e  MAB programs. The c o e f f i c i e n t s  a s s o c i a t e d  wi th  these  
polynomials are s t o r e d  p r e f l i g h t .  

Numerical Constants.-  There a re  two groups of  
s t o r e d  i n  table-lookup forms. These numbers def ine  
l ines  f o r  t h e  Return-to-Earth Processor and s p e c i f y  
re ference  t r a j e c t o r y  f o r  t h e  Reentry Processor .  

RTCC 

b r n  

ACR 

T L I  

MCC 

DPS 

LM 

L O 1  

ASP0 

LMDS 

MAS 

LTS 

SYMBOLS 

Real-Time Computer Complex 

Mission Analysis Branch 

Auxi l ia ry  Computer Room 

t r a n s  luna r  i n j  e c t  ion  

midcourse co r rec t ion  

descent  propuls ion system 

luna r  module 

luna r  o r b i t  i n s e r t  i o n  

Apollo Spacecraf t  P ro jec t  Off ice  

Lunar Mission Design Sec t ion  

Maneuver Analysis Sec t ion  

Lunar Tra jec tory  Sect ion 

numerical  cons tan ts  
t h e  r e e n t r y  t a r g e t  
t h e  f i n a l  phase 
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ASSUMPTIONS 

Three b a s i c  assumptions were made t o  determine t h e  s i z e  of t h e  
p r e f l i g h t  d a t a  t a b l e s .  These assumptions were determined for  a worst 
poss ib l e  case i n  order  t o  maximize t h e  number of q u a n t i t i e s  r equ i r ed  
f o r  p r e f l i g h t  s to rage .  

1. a 2 6 O  band of launch azimuths 

2. 3 i n j e c t i o n  oppor tuni t ies  pe r  launch day 

3. a m a x i m u m  number of  5 launch days p e r  month. 

By assuming as an upper boilnd t h e  maximum s t i p u l a t e d  above, t h e  p r e f l i g h t  
s t o r a g e  f o r  r e a l i s t i c  assumptions should never exceed t h e  m a x i m u m  number 
of s t o r a g e  spaces a l l o t t e d .  Based on these  assumptions,  5539 numerical  
q u a n t i t i e s  w i l l  be needed p r e f l i g h t  t o  support  MAB programs. The t a b l e  
below shows t h e  numerical  sum assoc ia ted  with each grouping. 

Parameters ( 4 5 )  
Constants (112)  

Poly n om i a1 c oe f f i c i e n t  s 

Numer'cal cons tan ts  ( 2  s e t s )  

TOTAL 

Numerical q u a n t i t i e s  

47 58 
122 

4 34 

225 
5539 

It should be noted t h a t  only t h e  parameters w i l l  change i f  t h e  
b a s i c  assumptions l i s t e d  above are redef ined .  Obviously, t h e s e  assump- 
t i o n s  w i l l  vary ,  and t h e  ac tua l  s i z e  of t h e  parameter t a b l e s  may depend 
e n t i r e l y  on which month t h e  launch takes  p l ace .  In  c p n t r a s t ,  t h e  re -  
maining t h r e e  groups remain constant af ter  f i n a l  d e f i n i t i o n  of t h e  RTCC 
formulat ion.  

A s u b s t a n t i a l  reduct ion  i n  t h e  t o t a l  sum can be a t t a i n e d  wi th  
r e a l i s t i c  dimensioning of  t h e  parameters.  I n  comparison t e s t  cace ,  
dimensioning of t h e  parameters w a s  made i n  accordance with t h e  follow- 
ing  launch window conf igura t ion :  

1. a 26O range of launch azimuths 

2. two i n j e c t i o n  oppor tun i t i e s ,  and 

3. 3 launch days p e r  month. 



These assumptions reduced t h e  number of t h e  parameters from 4758 
t o  2751 q u a n t i t i e s .  The remaining three  groups were unchanged. This 
reduced the  t o t a l  p r e f l i g h t  information requirements from 5539 t o  3532 
l u a n t i t i e s  . 

The remainder of t h i s  note  descr ibes  t h e  p r e f l i g h t  information 
f o r  each processor. The i n i t i a l  bas ic  assumptions are used t o  dimension 
the parameters .  Consequently, t h e  parameter tables w i l l  r e f l e c t  t h e  
::laximum requirement.  

TRANSLUNAR INJECTION AND MIDCOURSE CORRECTION PROCESSORS' 

This s e c t i o n  descr ibes  i n  d e t a i l  t h e  parameters ,  c o e f f i c i e n t s ,  
and cons tan ts  a s soc ia t ed  with the  Translunar I n j e c t i o n  ( T L I )  and Mid- 
c3urse Correct ion (MCC) Processors .  
i n  t h i s  s e c t i o n  i s  used by both processors ;  consequent ly ,  both proces- 
scrs a r e  t r e a t e d  as a s i n g l e  e n t i t y .  A d e f i n i t i o n  of t h e  i n d i v i d u a l  
parameters and cons tan ts  i s  presented i n  t a b l e  I .  

Most of t h e  p r e f l i g h t  d a t a  def ined 

The TLI  and MCC processors  requi re  t h e  l a r g e s t  sha re  of t h e  pre- 
f l i g h t  d a t a ,  3631 q u a n t i t i e s .  The sum a s s o c i a t e d  with each grouping 
i; shown below. 

Numerical q u a n t i t i e s  * .  

Parameters (23)  3298 
C m s  t a n t s  1 4  
Coef f i c i en t s  

TOTAL 

319 
3631 

The parameters ,  cons t an t s ,  and c o e f f i c i e n t s  can a l s o  be ca tegor ized  
f 'unct ional ly  . The following t a b l e  l ists  t h e  func t iona l  ca t egor i e s  and 
t h e i r  requirements .  

Numerical q u a n t i t i e s  

I .  Nodal t a r g e t i n g  ( x , y , z ,  and t )  1560 
11. Target ing objec t ives  and f i rs t  guesses 10 50 

111. Full-mission s e l e c t  mode 5 40 

'The RTCC formulation f o r  t h e  T L I  and MCC processors  i s  descr ibed  
i i i  r e f e rences  1 and 2. 
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I V .  Polynomial cons t r a in t  on DPS 35 
V.  M a x i m u m  ATTLI pc cons t r a in t  90 

VI. Ear th o r b i t  i n s e r t i o n  s ta te  vec to r  24 

VII . TLI polynomials2 26 8 

VIII. Other parameters 50 

I X .  Constants 14 
TOTAL 36 31 

The remainder of t h i s  sec t ion  b r i e f l y  descr ibes  each category and 
de l inea te s  p r e c i s e l y  t h e  proposed dimensioning of each parameter.  

I .  Nodal Targe t ing ,  Mildly d ispersed  t r a n s l u n a r  t r a j e c t o r i e s  can 
be  cor rec ted  back t o  t h e  nominal f l i g h t  p l an  through implementation of  
t h e  XYZ midcourse mode. This mode t a r g e t s  t h e  spacec ra f t  t o  pass  through 
t h e  node formed by t h e  planes of t h e  nominal approach hyperbola  and t h e  
des i r ed  lunar  parking o r b i t  at t h e  nominal a r r i v a l  t i n e .  A d e f i n i t i o n  
of  t h e  parameters i temized below i s  given i n  t a b l e  I. 

Tnd' 'nd' 'nd' Rnd Parameters : 

Dimensions p e r  parameter:  26 d i s c r e t e  launch azimuths 

3 i n j e c t i o n  oppor tun i t i e s  

5 launch days 

Requirements : 1560 numbers 

11. Target ing Objectives and F i r s t  Guesses. A group of  parameters ,  
inc luding  t h e  launch veh ic l e  t a r g e t i n g  o b j e c t i v e s ,  a r e  used t o  compute 
t h e  f i r s t  guesses f o r  t h e  fUl-miss ion  opt imiza t ion  sequences from e a r t h  
parking o r b i t  and t h e  t r ans luna r  coas t  t r a j e c t o r y .  The c h a r t  below 
c l a s s i f i e s  t h e  parameters.  

i 

LV t a r g e t i n g  ob jec t ives  J J J  

pute  TLI first guesses J J J  
Parameters used t o  com- 

Parameters used t o  compute 
t r a n s l u n a r  midcourse (TLMC) 
first gues s e s  J J J  

ZThe RTCC T L I  polynomials a r e  descr ibed i n  r e fe rence  3. 
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Dimensions p e r  parameter :  10 d i s c r e t e  azimuths 

3 i n j e c t i o n  oppor tun i t i e s  

5 launch days 

Requirements : 1050 numbers 

111. Full-mission s e l e c t  mode. The ob jec t ive  o f  t h e  fu l l -miss ion  
s e l e c t  mode is  t o  s e l e c t  a luna r  t r a j e c t o r y  which s a t i s f i e s  t h e  con- 
s t r a i n t s  of t h e  nominal guesses enabling t h e  s e l e c t  mode t o  determine 
t n e  values  which satisfi t r a j e c t o r y  p r o f i l e  o b j e c t i v e s .  

YLOI 5 '"LO, 9  AT^^^' T ~ o '  '"TEI y "TEI Parameters : 

Dimensions per  parameter:  6 d i s c r e t e  azimuths 

3 i n j e c t i o n  oppor tun i t i e s  

5 launch days 

Requirements: 540 numbers 

I V .  Polynomial c o n s t r a i n t  on DPS a b o r t .  For nonfree-return t ra-  
j e c t o r i e s ,  a c o n s t r a i n t  i s  i n  t h e  process of development t o  a s su re  LM/DPS 
re turn- to-ear th  abor t  c a p a b i l i t y  f o r  backup i n  case  of an SPS f a i l u r e  
a t  LOI. This c o n s t r a i n t  w i l l  b e  implemented i n  t h e  form o f  a polynominal 
and i s  a func t ion  of i n c l i n a t i o n  a t  per icynthion and t r i p  t i m e  from T L I  
t i  per icynth ion .  
.r.l each polynomial i s  expected t o  requi re  seven c o e f f i c i e n t s .  

One polynomial w i l l  b e  r equ i r ed  f o r  each launch day, 

Xumber of  polynomials:  5 

Number of c o e f f i c i e n t s :  7 

Requirements : 35 numbers 

V .  MAX ATTLI- The luna r  mission requirements c o n s t r a i n  t h e  

lwLar touchdown t o  occur w i t h i n  s p e c i f i e d  sun e l e v a t i o n  ang le s .  
1,urpose of t h e  maximim t r i p  t i m e  cons t r a in t  i s  t o  a s su re  t h a t  t h e  luna r  
landing w i l l  occur wi th in  t h e  sun e l eva t ion  c o n s t r a i n t s .  

The 

A T ~ ~ ~ - p c  Parameter:  
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Dimensions p e r  parameter:  6 d i s c r e t e  azimuths 

3 i n j e c t  ion  oppor tun i t i e s  

5 launch days 

Requirements : 90 numbers 

V I .  Ear th  Orbi t  I n s e r t i o n  S t a t e  Vector. Since a complete simu- 
l a t i o n  of t h e  Sa turn  V launch from l i f t - o f f  t o  EO1 has  been d e l e t e d  
from RTCC requirements ,  it is  necessary t o  supply t h e  RTCC wi th  t h e  
nominal EO1 s ta te  vec to r  f o r  premission planning.  The informat ion  de- 
f i n i n g  t h e  s t a t e  vec tor  w i l l  be  s t o r e d  i n  t h e  form of  t h r e e  cons t an t s ,  
t h e  a s soc ia t ed  c o e f f i c i e n t s  f o r  four  polynomials , and one parameter.  
The polynomials w i l l  determine the fol lowing q u a n t i t i e s  : 

1. d e l t a  t i m e  (AT)  from l i f t - o f f  t o  EO1 

2.  

3. d e c l i n a t i o n  ($eoi) at EO1 

4. longi tude  ( A  ) at EO1 

i n e r t i a l  azimuth ($eoi) a t  EO1 

e o i  

Each polynomial r equ i r e s  four coef, ,cients . The s i n g l e  parameter ,  
r e f e rence  time of l i f t - o f f  ( T  ) ,  i s  a func t ion  o f  launch d a y  only.  LO 

Constants : REOI ' 'EO1 ' 'EO1 

Polynomials : 4 

Coef f i c i en t s  per  polynomial: 4 

Parameter: 

Requirements: 24 numbers 

1 ( func t ion  of launch day only)  

V I I .  TLI polynomials,  These polynomials provide empi r i ca l  simu- 
l a t i o n s  of t h e  TLI maneuver f o r  both nominal and a l t e r n a t e  miss ions .  
The coe f f i c i en t s  are s t o r e d  i n  the RTCC p r e f l i g h t .  A b r i e f  d e s c r i p t i o n  
of t h e  polynonials  i s  provided i n  t a b l e  11. 

Polynomials : 10 

Coeff ic ien ts  : 238 

Requirements: 238 numbers 
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V I I I .  Other parameters dimensioned. Five parameters remain which 
cannot be func t iona l ly  ca tegor ized .  Four of t h e s e  parameters are a 
func t ion  o f  launch day only and t h e  s i n g l e  parameter i s  a func t ion  of 
launch azimuth and launch day. Table I provides  a d e f i n i t i o n  of  t h e  
parameters.  

Dimensions p e r  parameter:  5 launch days 

Parameter (1) : Tms n 

Dimensions p e r  parameter:  6 d i s c r e t e  azimuths 

5 launch days 

Requirements : 50 numbers 

I X .  Constants .  Fourteen constants  e x i s t  which cannot be  r e l e g a t e d  
t o  any s i n g l e  f u n c t i o n a l  category.  These cons tan ts  a r e  def ined  i n  
t a b l e  I .  

Constants :  11 numbered 27-37 i n  t a b l e  I 

Requirements : 11 numbers 

The p r e f l i g h t  d a t a  ou t l ined  above are generated by t h e  var ious 
s e c t i o n s  i n  MAB. Most of t h e  p r e f l i g h t  information i s  genera ted  from 
data i n  t h e  launch veh ic l e  and spacec ra f t  re fe rence  and o p e r a t i o n a l  
t r a j e c t o r i e s .  The launch veh ic l e  re ference  t r a j e c t o r y  i s  available 
7 months p r i o r  t o  launch;  t h e  opera t iona l  t r a j e c t o r y ,  3 t o  5 months 
T r i o r  t o  launch. The spacec ra f t  re fe rence  t r a j e c t o r y  i s  a v a i l a b l e  about 
12 months p r i o r  t o  launch,  and t h e  opera t iona l  t r a j e c t o r y  about 3 months 
p r i o r  t o  launch. However, a complete update of t h e  s p a c e c r a f t  opera- 
t i o n a l  t r a j e c t o r y  can be  made as l a t e  as 3 weeks p r i o r  t o  l i f t - o f f .  
Af te r  r ece iv ing  t h e  d a t a  source ,  add i t iona l  t i m e  i s  r equ i r ed  by MAB t o  
genera te  and verif‘y t h e  p r e f l i g h t  information. Table I11 g ives  t h e  
r e spons ib l e  s e c t i o n  f o r  each a r e a  of p r e f l i g h t  d a t a ,  t h e  e a r l i e s t  d a t e  
t h e  data source i s  a v a i l a b l e ,  and a prel iminary estimate of t h e  time 
requ i r ed  f o r  output and v e r i f i c a t i o n  of t h e  p r e f l i g h t  information af ter  
t h e  data source has been received.  



POWERED-FLIGHT PROCESSOR 

This s e c t i o n  descr ibes  t h e  parameters and const:mts a s soc ia t ed  
A t  t h e  t ime of t h i s  w r i t i n g ,  no with t h e  Powered-Flight Processor.  

polynominals have been included i n  t h e  processor  formulat ion.  

As s t a t e d  i n  t h e  in t roduct ion ,  t h i s  note  does not  inc lude  t h e  pre-  
f l i g h t  numbers f o r  t h e  s-IVB b u r n  model. 
e x i s t s  bu t  t h e  exac t  mode of implementation i s  not known. Early devel- 
opment f l i g h t s  of t h e  S-IVB propulsion system w i l l  determine t h e  mode 
of implementation. 

A pro to type  of t h e  model3 

The pro to type  burn model s p e c i f i e s  t h r u s t  l e v e l  and s p e c i f i c  i m -  
pu l se  as a func t ion  of t i m e  through t h e  burn and p r e d i c t s  t h e  mixture  
r a t i o  s h i f t .  
i n  a simple table-lookup scheme, o r  t h e  resu l tan t  empi r i ca l  model could 
be a more s o p h i s t i c a t e d  system u t i l i z i n g  as many as 13 o r  1 4  polynomials.  

Implementation of  t h i s  mode i n t o  t h e  RTCC could r e s u l t  

The RTCC formulat ion of t h e  Powered-Flight Processor  i s  descr ibed 
i n  re ference  4. 

The Powered-Flight Processor r equ i r e s  1486 numbers t o  b e  s t o r e d  
p r e f l i g h t .  The sum assoc ia t ed  with each grouping i s  shown below. 

Numerical q u m t i t i e s  

Parameters ( 22) 

Constants (26 )  

1460 

26 - 
TOTAL 1486 

The 48 parameters and constants can be  ca tegor ized  i n t o  groups 
conta in ing  similar c h a r a c t e r i s t i c s .  
requirements are : 

These groups t h e i r  a s s o c i a t e d  

Numerical requirements 

I. Hypersurface 1350 

11. Parameters which a r e  a fhnct ion 
of i n j e c t i o n  opportunity and 
launch day 45 

111. Parameters which a re  a funct ion of 
launch day 65 

IV. Constants 26 

TOTAL 1486 
3A d e s c r i p t i o n  of t h e  S-IVB burn model i s  provided i n  r e fe rence  4 .  
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The d d e n s i o n i n g  of  t h e  groups i s  b r i e f l y  descr ibed  below. 

1. Hypersurface.  The hypersurface i s  an onboard S-IVB t a r g e t i n g  
r,c%erne based on empir ica l  d a t a  and i s  completely descr ibed  i n  r e fe rence  4. 
?Lie fol lowing parameters completely def ine t h e  hypersur face  and comprise 
part of t h e  p r e f l i g h t  da t a .  
t h e s e  parameters .  

Table I V  gives  t h e  d e f i n i t i o n  of each of 

eNn, RA, DEC, TT c3 , Parameters:  cos u ,  

Dimensions pe r  parameter:  1 5  discrete azimuths 

3 i n j e c t i o n  oppor tun i t i e s  

5 launch days 

Requirements : 1350 numbers 

11. Parameters which are a function of i n j e c t i o n  oppor tuni ty  and 
launch day. 

P a r  m e t e r s  : ( t a b l e  I V )  Ts t j '  B j '  "*tsj 

Dimensions p e r  parameter:  3 i n j e c t i o n  oppor tun i t i e s  

5 launch days 

Requirements : 45 numbers 

111. Parameters which are a funct ion of launch day. 

Parameters:  13 q u a n t i t i e s  numbered 47-59 i n  t a b l e  I V .  

Dimensions p e r  parameter:  5 launch days 

Requirements: 65 numbers 

I V .  Constants 

Constants :  26 cons tan ts  numbered 60-85 i n  t a b l e  I V .  

Requirements : 26 numbers 

All of t h e  above information i s  generated from t h e  launch veh ic l e  
guidance p r e s e t t i n g s ,  The e a r l i e s t  da ta  source a v a i l a b l e  f o r  t h e  launch 
v e h i c l e  guidance p r e s e t t i n g s  is t h e  launch v e h i c l e  r e fe rence  t r a j e c t o r y .  
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This  document i s  publ ished by t h e  Marshal l  Space F l i g h t  Center  7 months 
p r i o r  t o  t h e  nominal mission launch date. Once t h i s  in format ion  has  
been r ece ived ,  t h e  genera t ion  and v e r i f i c a t i o n  o f  t h e  p r e f l i g h t  numbers 
w i l l  take 1 week. The primary source of r e s p o n s i b i l i t y  f o r  product ion 
of  t h e s e  numbers rests with t h e  Maneuver Analysis  Sec t ion  of  MAB- 

RETURN-TO-EARTH PROCESSOR 

This s e c t i o n  def ines  t h e  cons tan ts ,  c o e f f i c i e z t s  and numbers asso- 
c i a t e d  with t h e  Return-to-Earth Processor.  
q u a n t i t i e s  r equ i r ed  as p r e f l i g h t  informatior: fo r  t he  processor .  These 
q w n t i t i e s  can be  grouped i n t o  three  c a t e g o r i e s :  1 4  c o n s t a n t s ,  
115 c o e f f i c i e n t s ,  and an aggregate of 120 numbers. The fou r t een  con- 
s t a n t s  are enumerated and def ined i n  t a b l e  V. 

There a r e  249 numerical  

The remaining p r e f l i g h t  information i s  a s soc ia t ed  with t h e  r een t ry  
computations f o r  t h e  return- to-ear th  t r a j e c t o r i e s .  The c o e f f i c i e n t s  , 
115 numbers, art? requi red  f o r  t he  r e e n t r y  curve f i t s .  The r e e n t r y  curve 
f i t s  g ive  t h e  downrange, crossrange,  and t i m e  from r e e n t r y  t o  landing 
as a func t ion  of r een t ry  s ta te  parameters.  This information enables  t h e  
processor  t o  s imula te  a r een t ry  p r o f i l e  f o r  a landing s t a t e .  

The remaining numbers, 120, are s t o r e d  i n  table-lookup form and 
de f ine  t h e  r ecn t ry  t a r g e t  l i n e s .  The ve loc i ty  and f l i g h t - p a t h  angle  
values  s t o r e d  i n  t h e  t a b l e  assure  t h e  spacec ra f t  of a safe r e e n t r y .  
Current formulat ion of t h e  reent ry  s imula t ion  f o r  t h e  processor  speci-  
f i e s  two r e e n t r y  t a r g e t  l i n e s .  
f o r  adequate d e f i n i t i o n .  

Each t a r g e t  l i n e  r equ i r e s  60 numbers 

Prime r e s p o n s i b i l i t y  f o r  those cons tan ts  a s soc ia t ed  wi th  r e e n t r y  

ave R (L’D, RRems 9 RRgn, Ir m a ’  ‘r m a ’  
t h e  r e e n t r y  curve f i t s  r e s t  wi th  t h e  Reentry S tudies  Sec t ion .  
Analysis Sec t ion  w i l l  provide the  d e f i n i t i o n  f o r  t h e  remaining cons t an t s .  
A l l  numbers a r e  now i n  t h e  process of d e f i n i t i o n  and should be  a v a i l a b l e  
i n  t h e  near  fu tu re .  The RTCC formulation f o r  t h e  processor  i s  contained 
i n  r e fe rence  5 .  

) ,  t h e  r e e n t r y  t a r g e t  l i n e s ,  and 

Maneuver 

‘Reference 5 def ines  t h e  RTCC formulation f o r  t h e  processor .  
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REENTRY PR(jCESS0R 

The Reentry Processor  requi res  173 numbers as preflight da ta .  Of 
thesc  numbers, 68 are cons tan ts  defined i n  t a b l e  V I  as &dance and 
DAP gains  and cons tan t s .  

The remaining 105 numbers describe t h e  f i n a l  phase r e fe rence  tra- 
j e c t o r y .  The f i n a l  phase re ference  t r a j e c t o r y  i s  a s t o r e d  t a b l e  of  
t r a j e c t o r y  parameters based on a h a l f - l i f t ,  nominal t r a j e c t o r y  from 
which spacec ra f t  s t e e r i n g  commands are der ived .  The t r a j e c t o r y  t a b l e  
i s  descr ibed  on page 17 of re ference  6 ,  which a l s o  descr ibes  t h e  RTCC 
formulation of t h e  Reentry ProceF-sor. 

The RTCC formulat ion documents the numerical  values  a s s o c i a t e d  
with each of t h e  above q u a n t i t i e s .  The Reentry S tudies  Sec t ion  con- 
s i d e r s  t hese  numerical  values t o  be  the nominal mission numbers f o r  t h e  
lunar  f l i g h t s .  The numbers w i l l  be  sub jec t  t o  update;  t h e  r e s p o n s i b i l i t y  
f o r  documentation of t h e  updated numbers rests with t h e  Reentry S tudies  
Sec t  i on. 
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TABLE I.- DEFINITION OF PARAMETERS AND CONSTANTS ASSOCIATED WITH 

Parameter 
o r  

cons tan t  

I om i. n a l  
luant 1 t y  

39 0 

39 0 

79 0 

399 

150 

150 

::50 

150  

1-50 

150 

1 

1 

1 

90 

90 

THE MCC AND TLI PROCESSORS. 

Pro c e s s o r  u t  i 1 i z 1 ng 
parameter 

TLI 

J 

J 

J 

J 

J 

J 

J 

J 

4 

J 

J 

J 

J 

J 

J 

- 
VlCC 

- 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

- 

Powe rc d 
f 1 i @IC. 

De f i n 1  t i on 

Time of a r r i v a l  a t  t h e  node 

TMl' Latitudc a t  t h e  node 

W4P longi tu; le  at t h e  zode 

Radius of  node 

Al t i tudc  a t  per icynth ion  

UlF' l a t i t u d e  a t  perFcynthion 

EMT longi tude  a t  per icynth ;  on 

I n c l i n a t i o n  o f  t he  f ree-  
r e t u r n  t r i j e c t o r y  with re- 
spec t  t o  t h e  e a r t h ' s  equato- 
r i a l  ylane 

Nominal t ime of t r a n s l u n a r  
i n j e c t i c n  

Time of arriv,?.l a t  perj-cyn- 
th ion  

Decll na t ion  of t a r g e t  -;ector 

Per igee  r i n g  half-angle  

Nominal r ad ius  a t  per!-cyn- 
t h  Lon 

F l i p h  t -path angle  zt lunar 
o r b i t  insert,;  on 

Charge i n  nzinuth a t  l u n a r  
o r b i t  i n se r t io r ,  
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TABLE I.- DEFIIIITION OF PARAMETERS AND CONSTANTS ASSOCIATED WITH 

THE MCC AND TLI PROCESSORS. - Contin-:ed 

Parameter 
or 

c ons t, an t  

1d. Yte i  

19. AVtei 

23.  MAX ATtli pc 

21. T 
m s  n 

11s 22. $ 

2 3 .  X 11s 

24* Jllls 

25 .  TLO 

26. e 
eo  

iomi nn.1 
luan t !- t y 

90 

90 

90 

90 

9 0. 

30 

5 

5 

5 

5 

5 

1 
TLI 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

- 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 
- 

ter  

Powered 
f l i g h t  

Def in i t i on  

F l igh t  time frc;m l u n n r  
o r b i t  l n s e r t i o n  t o  f i r s t .  
pass  over t h e  lunai- 
laridtrig s i t e  

Totti.1 t i m e  spent  i n  
l u n a r  o r b i t  

F l igh t -pa th  angle  a t  
t r a n s  e a r t h  i n  j e c t  i or, 

AV a t  t r a n s e a r t h  in-  
j e c t i o n  

M a x i m u m  t r i p  t i m e  from 
t rar; s 1 mar i n  j e c t ion 
50 per icynth ion  

T o t a l  mission t i m e  

Seleri ogr aph i c l a t  i t ude 
of t h e  luna r  landing 
s i t e  

Selenographic  longi-  
tude  of t h e  luna r  
landing  s i t e  

Azimuth over t.he luna r  
landirig s i t e  

Reference t ime of lift- 
o f f  

Righ-t ascensi1.m of 
launch s i t e  
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TABLE I.- DEFINITION OF PARAMETERS AND CONSTANTS ASSOCIATED WITH 

THE MCC AND TLI PROCESSORS. - Concluded 

Par met e r 
or  

cons tan t  

27. AT6 I i 28. 

29.  Ma 

cm 30. M 

31. M s m  

32. MUf 

33. Hlo 

34. Tls 

35. Reoi 

36. y eo i  1 37. Veoi 

Nominal 
quan t i ty  

1 

1 

1 

1 

.1 

1 

1 

1 

1 

1 

1 

' rocessor u t i l i  zing 
F 
'LI 

- 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

- 

MC C 

J 

J 

J 

4 

J 

J 

J 

e r  

Powered 
f l i g h t  

J 

Def in i t i on  

Del ta  t ime from time 
base  s i x  t o  S-IVB i n j e c -  
t i o n  

Year of launch 

Adapter mass 

Command module (S t ruc-  
ture  + 3 crew members 
+ equipment + RCS 
f u e l  + l i f e  systems) 
mas s 

Service  modide (no t  
i-ncluding unusuable 
f i e l )  mass 

Mass of unusable f u e l  

A l t i t ude  a t  s ta r t  of  
l una r  parking o r b i t  

Lunar s t a y  time 

Nominal r ad ius  a t  
pe r  i cyn t h i  on 

I n e r t  i a1 f l i g h t  -path 
angle a t  e a r t h  o r b i t  
i n s e r t i o n  

I n e r t i a l  ve loc i ty  a t  
e a r t h  o r b i t  i n s e r t i o n  
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TABLE 11.- COEFFICIENTS FOR THE TLI POLYNOMIALS ASSOCIATED 

WITH THE MCC AND TLI PROCESSORS 

( a )  Nominal mission 

Pa r  meter 

a 

6 

1 1 + a  

r 
P 

AV 

T o t a l  

Number of  c o e f f i c i e n t s  

24 

28 

24 

24 

24 

124 

( b )  A l t e rna te  mission 

]Parameter I Number of  c o e f f i c i e n t s  

a 

B 

n + a  

r 
P 

AV 

T o t a l  

20 

32 

28 

28 

20 

144 
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TABLE LV.- DEFINITION OF PARAMETERS AND CONSTARTS 

ASSOCIATED WITH THE POWERED-FLIGHT PROCES5 .R 

Parameter 
or 

2 ons t a n t  

38. cos 0 

39. c j  

40. en  

41.  RA 

42. DEC 

43. TT 

44.  TST 

45.  B j  

117. f 

48. K~ 

49. K2 

e 50. w 

51. M'GM 

52. K 
P l  

Nume r i c a1 
quan t i ty  

225 

225 

225 

22 5 

22 5 

225 

1 5  

15 

1 5  

5 

5 

De f i r i i  t i on 

Arc r ad ius  of per igee  c i r c l e  

Desired cu to f f  energy 

Desired e c c e n t r l c ' t y  a t  c u t o f f  

Right ascension of t a r g e t  v e c t o r  

Decl ina t ion  of t a r g e t  vec tor  

Difference i n  t i n e  of launch from 
re fe rezce  +.ime of launch 

Coast t ime 'n EPO before  r e s t a r t  t e s t .  
i s  m t e r e d  f o r  desirei!  i n j e c t i o n  
opportuni ty  

Cent ra l  angle from r a d i a l  a t  r e s t . a r t  
p repa ra t io?  i n i t F a t i o n  t o  node of EPO 
plane and des i r ed  cu t ( i f f  p lane  

Cent ra l  angle  from nodal v e c t c r ,  3 ,  
t o  t a r g e t  vec to r ,  T, a t  r e s t a r t  pre- 
paratf-on i n i t i a t i o n  

Est imate  of terminal range angle  

Coef f i c i en t  of ct polynomial 

Coef f i c i en t  of  ct polynomial 

t s  

t s  

E a r t h ' s  r o t a t i o n a l  r a t e - s i d e r e a l  

Constant d e l t a  time frcm TB6 t o  t h e  
t ime a t  which I G M  i s  en te rcd  

Coef 3 c i e r . t  of  p i t c h  polyr.omi a1 
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TABLE 1 V . -  DEFINITION OF PARAMETERS AND CONSTANTS ASSOCIATED 

WITH THE POWERED-FLIGHT PROCESSOR - Continued 

P a r  meter 
o r  

cons tan t  

P2 

Y l  

53. K 

54.  K 

55. Ky2 

n 56. R 

57. T; 

58 .  Kt3 

59. T 3  

60. 0, 

61. T2 

62* 'ex2 

63. 'ex3 

64. fi2 
65. k3 
66. Tb2 

67. K 
PC 

68. El 

69. c2 

Numerical 
quan t i ty  

5 

5 

5 

5 

5 

5 

5 

1 

1 

1 

1 

Def in i t i on  

Coef f i c i en t  of  p i t c h  polynomi a1 

Coef f i c i en t  of  yaw polynomial 

C oe f f i c i en t  o f y aw poly n omi a1 

Nominal r ad ius  a t  i g n i t i o n  

E s t i m a t e  of t h i r d  (guidance)  s t a g e  
burn t i m e  

Coef f ic ien t  used t o  determine T 

E s t i m a t e  of burn t i m e  f o r  veh ic l e  
dep le t ion  during t h i r d  IGM s t a g e  

Geodetic l a t i t u d e  of launch s i t e  

Second guidance) s t a g e  burn t ime 

Exhaust v e l o c i t y  - second I G M  s t a g e  

Exhaust v e l o c i t y  - t h i r d  IGM s t a g e  

Mass flow r a t e  - second IGM s t a g e  

Mass flow r a t e  - t h i r d  I G M  s t a g e  

Transition t i m e  f o r  mixture  r a t i o  
s h i f t  

Constant used t o  force  mixture  r a t i c  
i n  I G M  s h i f t  

3 

Estimated burn t i m e  

Estimated burn time 
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TABLE IV.-  DEFINITION OF PARAMETERS AND CONSTANTS ASSOCIATED 

WITH THE POWERED-FLIGHT PROCESSOR - Concluded 

'arameter 
or 

:ons t a n t  

' 0 .  E3 

r1. E4 

72. R@T 

73. R@V 

74 .  AVb 

7 5 .  Vtc 

x Y l  

77.  XZ1 

79. T3rl 

7 6 .  . 
2rl 

78. T 

80. C '  

81. c i  
0 

82. ATkrn 

a 

84. A t b  

85. A t  

83. A t  

m 

Numeric a1 
quan t i ty  

1 

1 

1 

1 

1 

1 

.1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Def in i t i on  

Estimated burn t i m e  

Estimated burn t ime 

Flag: if RQ)T = 1, te rmina l  condi t ions  
ro t a t ed ;  if RP)T # 1, t e rmina l  condi t ions  
not r o t a t e d  

Constant for b i a s i n g  t e rmina l  range 
angle p r e d i c t i o n  

Velocity cu to f f  bias 

Velocity parameter used i n  c u t o f f  
l og ic  

Maximum allowe'ole p i t c h  rate 

Maximum al lowable yaw rate 

Parameter used i n  a r t i f i c i a l  t a u  modes 

Parameter used i n  a r t i f i c i a l  t a u  modes 

Parameter used i n  a r t i f i c i a l  t a u  modes 

Parameter used i n  a r t i f i c i a l  t a u  modes 

L i m i t  on d i f f e rence  i n  burn t ime ,  f i r s t  
S-IVB burn 

T i m e  increment 'from i g n i t i o n  t o  90% 
t h r u s t  

Time increment from 90% t h r u s t  t o  
t h r u s t  a t  mixture  r a t i o  1 

T i m e  increment from mixture  r a t i o  s h i f t  
t o  " l eve l ing  out' ' of t h r u s t  a t  mixture  
r a t i o  2 
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TABLE V.- DEFINITION OF CONSTANTS ASSOCIATED WITH THE ABORT PROCESSOR 

Constant 

pc min 86.  H 

87. (L/D) 

88* *ems 

89 .  RR 
gn 

90. MDmax 

91. AMD 

a max 92. R 

9 3 *  

g 4 *  Ir  max 

9 5 .  'r max 

96. R ave 

97. e ~ ~ / ~ ~  

m s  i 98. R 

99*  Ra min 

Numeri c a1 
quant i ty  Def in i t i on  

~ 

Minimum acceptab le  per icynth ion  a l t i -  
tude f o r  abor t  t r a j e c t o r i e s  

Current value of l i f t - t o - d r a g  needed 
by t h e  r e e n t r y  curve f i t s  

Reentry range b i a s  used t o  produce 
t h e  range f 'unction f o r  t h e  ENS mode 

Nominal r e e n t r y  down range t o  t h e  
t a r g e t  impact po in t  f o r  t h e  G and N 
mode i n  t h e  EFCUA mode 

M a x i m u m  m i s s  d i s t ance  used i n  t h e  
t r a d e o f f  d i sp l ays  

Miss d i s t ance  increment used i n  t h e  
t r a d e o f f  d i sp l ays  

Abort r ad ius  l i m i t  f o r  t h e  EFCUA 
s o l u t i o n  i n  t h e  FCUA mode of t h e  
e a r t h  phase log ic  

Minimum f l i g h t  t ime between abor t  and 
r e e n t r y  

Maximum i n c l i n a t i o n  a t  r e e n t r y  

Maximum reen t ry  speed 

Mean rad ius  a t  r e e n t r y  

E c c e n t r i c i t y  t e s t  va lue  t h a t  s e l e c t s  
e i t h e r  t h e  NE or  RE opt ion  i n  t h e  
t r a d e o f f  d i sp l ay  

Radius magnitude of t h e  moon's sphere 
of in f luence  u t i l i z e d  with t h e  conic 
package 

Minimum abor t  rad ius  
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TABLE V I . -  DEFINITION OF CONSTANTS ASSOCIATED 

WITH THE REENTRY PROCESSOR 

( a )  Guidance gains and cons tan ts  

Constant 

100. c1 

101. c16 

102. C 1 7  

103. c18 

104. C20 

105. CHOOK 

106. C H I  

107. D2 

108. DT 

109. GMAX 

110. KA1 

111. KA2 

112. KA3 

113. KA4 

114. KB1 

115. KB2 

116. KDMIN 

117. KLAT 

Numeric a1 
q u a n t i t y  

1 

1 

1 

1 

1 

1 

1 

1 

1: 

1 

1 

1 

1 

1 

1 

D e f i n i t i o n  
~ 

Factor i n  ALP computation 

Constant ga in  on drag 

Constant ga in  on RDOT 

Bias v e l o c i t y  for f i n a l  phase s t a r t  

Maximum drag for down-lift  

Factor i n  AHOOK computation 

Factor i n  GAMMAL computation 

Drag for changing values  of LEWD 

Computation cycle-time i n t e r v a l  

M a x i m u m  a c c e l e r a t i o n  

Factor i n  KA computation 

Factor i n  KA computation 

Factor i n  DO computation 

Factor i n  DO computation 

Optimized upcontrol  g a i n  

Optimized upcontrol  g a i n  

Increment on Q7 t o  d e t e c t  end of 
Kepler phase 

Lateral switch ga in  
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TABLE V I . -  DEFINITION OF CONSTANTS ASSOCIATED 

W I T H  THE REENTRY PROXSSOR - Continued 

Constant 

118. KTETA 

113. TN 

120. K13P 

121 .  LAD 

122. L/D CMINR 

123. LEWD1 

124. LEWD2 

125. LOD 

126. POINT 1 

127. Q2 

128. Q3 

129. Q5 

130. Q6 

131. Q 7 M I N  

132. Q7F 

133. Q19 

134. VSLOW 

135. W I N  

136. WIN 

~~ 

Numerical 
q u a n t i t y  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

D e f i n i t i o n  

~ 

Time of f l i g h t  cons tan t  

Nominal t i m e  of f l i g h t  

Constant i n  FINAL PHASE 

Maximum L/D 

LAD cosine (15") 

Upcontrol L/D 

Upcontrol L/D 

F i n a l  phase L/D 

Fac tor  t o  reduce upcont ro l  ga in  

F i n a l  phase range - 23 500 Q3 

F i n a l  phase D range/DV 

F i n a l  phase D range/D GAMMA 

F i n a l  phase i n i t i a l  f l i g h t - p a t h  angle  

Constant i n  FACTOR 

Minimum drag for upcontrol  

Constant i n  GAMMAL 1 

I f  V less  than VSLOW, LEWD = 0.2  

Minimum VL 

Minimum v e l o c i t y  t o  switch t o  rela- 
t i v e  v e l o c i t y  
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TABLE V I . -  DEFINITION OF CONSTANTS ASSOCIATED 

WITH THE REENTRY PROCESSCR - Continued 

Constant 

137. VRCONTROL 

138. 25 NM 

139. LAYBIAS 

1 4 0 .  VQUIT 

141. K 4 4  

142. VFINAL 1 

143. VFINAL 

144. VCORLIM 

145 .  ATK 

146. GS 

147. HS 

148. RE 

149 .  VSAT 

150. WIE 

1 5 1 .  KWE 

Numerical 
quan t i ty  

1 

1 

1 

1 

1 

1 

1 

1 

Def in i t i on  

( b )  DAP gains and cons tan ts  

153. A1 

154 .  A2 

RDOT t o  start  i n t o  HUNTEST 

Tolerance t o  s t o p  range i t e r a t i o n  

Latera l  switch b i a s  t enn  

Velocity t o  s top  s t e e r i n g  

I n i t i a l  a t t i t u d e  gain 

Velocity t o  s tar t  f i n a l  phase on 
INITENTRY 

Factor i n  i n i t i a l  a t t i t u d e  

M a x i m u m  values of VCORR 

Angle i n  RAD t o  NM 

Nominal value of G f o r  s c a l i n g  

Atmosphere s c a l e  he ight  

Earth r ad ius  

S a t e l l i t e  v e l o c i t y  at, RE 

Earth r a t e  

Equator ia l  e a r t h  r a t e  

i 
1 

1 

Maximum angular  v e l o c i t y  allowed 
about t h e  X-body a x i s  

Accelerat ion term used t o  c a l c u l a t e  
f i r i n g  i n t e r v a l s  

Accelerat ion t e r m  used t o  c a l c u l a t e  
f i r i n g  i n t e r v a l s  



4 

r 

25 

Constant 

155 .  K L A G l  

156. KLAG2 
I 

157. KLAG3 

158. M 

159. RAEMIN 

160. SLOPE 

I 

TABLE V I . -  DEFINITION OF CONSTANTS ASSOCIATED 

WITH THE REENTRY PROCESSOR - Concluded 

161. SWTCHl 

162. SWTCH2 

163. SWTCH3 

164. TIMINT 

165. TMRX 

166. vz 

167. xs 

Numerical 
q u a t  i t y  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Def in i t i on  

I n t e r v a l  switching l o g i c  t o  f i re  
appropr ia te  r o l l  j e t s  o r  t o  coas t  

I n t e r v a l  switching l o g i c  t o  f i r e  
appropr ia te  r o l l  j e t s  o r  t o  coas t  

I n t e r v a l  switching l o g i c  t o  f i r e  
appropr ia te  r o l l  j e t s  o r  t o  coas t  

I n t e r v a l  counter  t o  a l low implemen- 
t a t i o n  of r o l l  commands on 0.1-second 
i n t e r v a l s  

R o l l  deadband 

Factor t o  o b t a i n  d e s i r e d  r a t e  of 
e r r o r  redlwtion 

I n t e r n a l  switching t o  de lay  r o l l  
command 

I n t e r n a l  switching t o  de lay  r o l l  
command 

I n t e r n a l  switching t o  de lay  r o l l  
command 

I n t e g r a t i o n  t ime i n t e r v a l  

DAP sampling frequency f o r  t i m e  
i n t e r v a l  of TIMINT 

Rol l  ra te  deadband 

Control l i n e  i n t e r c e p t  value 
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